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The dispoeal of spent bleaching clay generated 
in the vegetable oil processing industry is a 
potential probier of environmental concern. due 
to the pyrophoric nature of the residual 
oil/cl*7 mixture in landfills. This poster 
describce the use of SC-CO2 for processing 
both neutral and acidic clays used in the refin- 
ing of soybean oil. Rapid l xtrmctione of spent 
bleaching Cl87 cm bs affected bt 10,000- 

12,000 psi* b7 proper preparation of the cl&7 
subetrbte. Experiments utilizing both lebore- 
tory and pilot plant extractors heve 7ielded 
bhOSt 100% of the edeorbed oil. Extrution of 
the clay CM be feciliteted b7 crossblending 
the clay with b dirtouceoue errth-breed diepmr- 
salt. The oile recovered b7 the eupercriticel 
fluid extrection 1SFI5) process heve pmpertiee 
f free fatty uid content. Lovibomd color rstio. 
end phosphorus content) similar to thoer found 
Zor deguemmd-Cletihmd oile. 

An bver8ae 80+3ern oil retina27 genereea bbout 
5,000 lb.. of spent bleechtng cley per de7 in 
the removal of odoriferous components and color 
bodies from refined feedstock. This pruceeeing 
aid must be treeted to remve the bdsorbed 
residurl oil or be buried in a landfill biter 
the bleaching atop Ill. Several proceeeee hrvr 
been doveloped to strip residual oil fror thr 
clay utrix brswd on treat-at of the cl87 with 
dilute csust ic 8olutiom (2) or extrection of 
the oil using orgmie solvents (3). These pro- 
cesses also produor unecceptrble chericrl reei- 
dues which CIII irput negatively on the environ- 
ment (4). 

Currently, spent bleuhing cleys from the 
vegetrbie oil procereing industw are disposed 
of in landfilla (5). nueasitrting additional 
caste for transport of the cla7 from the refin- 
-7 and its subsequent treatment et the fill 
rite. At the leedf ill, the cle7 is frequently 
buried or trerted with water, to reduce the 
probability of sphtmeous oorbustion of the 
clay/oil mixture. with tha except ion of the 
recent atud7 b7 Tsylor and Jenkins (61, little 
is known bbout the factors governing the pfro- 
phoricit7 of spent blerching clrye. 

Trertrent of rpent bleaching cleys with 
supercritical carbon dioxide i SC-Cc2 ) 
presents an blternrtive to the above dispoeal 
methods. SFE utilizing carbon dioxide provides 
bn cnvironuntrlly acceptable solution for poet 
rcf inerp treatrent of the ClWt 8ince CO2 ia 
nonflammable. nontoxic, l d is a selective sol- 
vent for olcophilic mrteriale. One study has 
been reported (71 in which supercriticsl pro- 

pane and fluorocarbons were utilized in the 
treatment of spent ~187s imbibed vith silicone 
end veqetrble oils. Unfortunrtelyr in thim 
work, only one experiment w&8 performed on q 
c~aY/vegctbble oil mixture. resulting in b LOW 

recovery of the oil. For this reeeonr and to 
avoid the use of potentially cxploaive and cnvi- 
ronmentally unacceptable supercriticel fluide, 
we initiated an extraction study ueinq 
SC-CO2 . 

Successful extraction of spent blerching ClbpS 
vith SC-COa CM be bchieved only by optimiz- 
i nq, the experimentrl conditions. Rapid extrac- 
tion of the oil from the CLIP was facilitated 
by conducting the extrectione bt 12,000 psiq 
bnd 0O'C. b condition where the oil solubilitp 
in SC-CO2 is muirixed (8.9). The particle 
eire of bleuhfng clays can also inhibit com- 
plete extraction of the oil from the matrix. 
due to c hmno 1 ing of extrution fluid throuqh 
the sorbent bed (11, as well as compution of 
the cley bed under high pressure. For this rea- 
son, rtudiee were conducted on both b LabOrb- 

tor7, and a pilot plant scale. The pilot plant 
study utilized a captive CO2 ruppl7 end vas 
operated in a recple mode, thereby permitting 
simulrtion of M industrial ecale process. 

Typicrl conditions utilized in the clry 
l xtrution studies bre trbulrted in Table 1. 
The lrborrtory-scale l xtrution unit has been 
previously drscribod (9). Blewhing clay was 
poured into the specified tubular l xtrution 
veeeeL and l xtrution commenced bt 11,000 peig 
and ao*c. Extractions were continued until oil 
could no longer be removed from the receiver 
attached to the extrution system. 

Table 1 

-PaI l&O00 po@ 8oc 1%000 pa& IOC 

-C&T 2300 m aoc 

-vv o.o* - 0.20 h a.1 -u&e 

Pilot plant extrections were performed on 
the NCAUR seri-eontinour supercritical fluid 
extraction unit shorn in Figure 1. Details on 
the construction of the extractor, vhich has 
provleion for rewcling the extraction fluid, 
cm be found in the literature (10). Clb7 
extractions were performed in one .of the 
4-liter extraction vessels (Al shown in the 
scheretic diegrem. Extrutione were conducted 

22 
this 

flow 
vessel bt 12,000 peig and 0O'C using LI 

rate of approximately 0.5 lba./ern. 
The dieaolved ao7bean oil in the SC-CO2 was 
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transported to the receiver vessel LR). which expressed as a weight Percent of the total cla7 
was operated at 2.300 psig and 40-C. Under charge, VI8 L5.2X. The extracted clay ln this 
these conditions, soybean oil exhibits less experiment was rawved from the extraction ves- 
than 0.1 ut X aoiubility in the corpresaed 881 And Analyzed for oil content. The residual 
CO2 , and readily precipitates from the fluid ail 1eveL was found to be 8.8 wt.% based on the 
phase. Extractions could be corpieted under the init ial ClAY charge. The results fro8 this run 
above conditions on 5.0-8.5 ibs. charges of indicated that either the extraction conditiona 
clay using 6-8 Ibs. of COt that van then recy- or clay preparation were rnadequatc to effect 

cled over the clay. total rewval of the oil from the clar matrix. 

Table 2 

c 
’ 16;1 

I ’ I 
as 

Fig. 1 - Semi-continuous superoritical fluid 
extraction system. 

. 

The spent bleaching clays utilized in . 
these studies *era obtained fro8 ref ineriea 
operated br Riceland Foods (Stuttgart, AK) and 
Central Son 1 Ft. Wayne, IN). Both neutral and 
acidic clays were incorporated in this study to 
teat the ef?ectivmeaa of SC-ma extraction 
with respect to the clar structure. A pellet- 
ized diatouceoua earth. designated Hydror- 
trix, from Analytichem International ( HArbor 
City, CA) was used in several wxperiwnta as an 
aid in. dispersing the spent bleaohing clay. 

Suplea of both the extracted clay and 
recovered oil were saved from l wh experiment. 
Selected oil samples ware chrrsotertxed with 
respect to their free fatty acid content (PFAI, 
peroxide value (PV), Lovibond color ratios, and 
phosphorus content. Standard AOCS Methods (11) 
were uaed in performing these tests unless 
othervise noted. The Lovibond color ratios of 
the extrActed oils were determined using a com- 
puterized Colourscan system while thr phoapho- 
rus content of the oils were anal7zed by atomic 
absorption spectroscopy. Oil content of the 
clay was asaesard by Soxhiet extraotion with 
n-hexane. 

Experirentrl extraction results performed on 
both neutral and Acidic bleaching clays Are aus- 
arrived in Table 2. Initial experiments we- 
conducted on the neutral bleaching clay matrix 
using the pilot plant extractor. Extractions 
were ter!ainAted when oil could no Longer be col- 
lected in the receiver vessel of the pilot 
plant. The oil recovered in Run I, which is 

An identical extraotion (Run 2) aa then 
perfornd to verify the results obtained in the 
I trot experiment. The oil yield in this case 
(648 found to be 19.3 wt.%. Oil analpaia on the 
l xtrrcted clay yielded a 7.2 rt.X residual oil 
eonteat o verifying thet the axtrsction was not 
completed. Thesr two initial results suggested 
thet porbrps the oil distribution in the spent 
bleaching clar usa not howgeneoua and that mix- 
ing the substrate prtor to extrution would 
enhance the etiiciencr of the extra&ion. 

Two extractions (Runs 3 & 4) were then pep- 
forwd on the pilot plant extractor to verify 
the above hypothesis. Oil yields fop these tuo 
sxperiwats were 26.8 and 25.5 vt.X, raapec- 
t ively. Analysis of the SC-COr extracted 
clays for residual oil content showed that con- 
siderable oil vaa still present in the 
extractad clay8 IRun 3 - 6.12 wt.%, RW 4 - a.8 
we.%). A discrepmcr was Ah0 apparent in the 
total eil mass brlance, since combining the 
extracted And residual oil vt.% for Runs 1, 2, 
3, aad 4 yielded 24.0, 26.5, 32.9, and 34.3 
wt.%, reapectivei~. If was obvious that pre- 
mixing the spat bleaching clay did not asaura 
total axtrwtion of all available oil. 

Determination of the total oil content in 
the spent cla7 matrix via Soxhlet extraction ia 
At beat difficult due to the fine particle size 
Of clar and its tendency to agglowrete in the 
Soxhlet extraction device. AccUrAte 
determination of the total oil content of the 
neat spent bleaching clay is essential in order 
to 888688 the extraction efficiency of the SPE 
process. Several exhaustive extractions of the 
starting clap uterial were sad6 with the aid 
Of a dispersing aqeat to establish the residual 
oil content of the sorbent. 
the 

In this procedure, 
spent 

ratio 
bleaohing clay was aixed in A weight 

of 2:l with pelletized diatouceoua earth 
IWydroutrix) to disperse the clay suple. This 
modification of the 
tated 

Soxhlet procedure facili- 
contact between the clay matrix and 

extraction solvent and yielded consistent ana- 
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lytical results. The Soxhlat extraction values 

on thr SUPi OS USlEd in Runs 2, 3, and 4 were 
determined to be 31.7, 31.1, and 32.8 wt.X. The 
accuracy of these figures was further verified 
by running an extraction of spent bleachinq 
clay in the au11 laboratory tubular extractor 
I Run 51 which yielded 32.1 vt.X of oil based on 
the initial clay charge. Soxhlet extraction of 
this clay sample gave 32.0 wt.% oil. a value in 
excellent sqrecmenc with the result obtained 
from SC -co2 extraction and the previously 
quoted Soxhlet-derived data. There reeulta aug- 
qemt that SC -co2 extraction could be used am 
an alternative to Soxhlet cxtraotion with liq- 
uid hydrocarbon solventa. 

The consistent results obtained by uaing 
the Hydroutrix disperrant in the wdified- 
Soxhlet procedure suggested that the use of a 
dispersion agent in the SFE of cla9m uould 
enhance the recovert of the soybean oil. Conse- 
quently an expariment was run wing the labora- 
tory scale axtractor loaded with 40 graeo of 
the spent clay PlU8 20 grama of HTdromatrix. 
The total yield of oil from this experiment 
(Run 6) was 30.7X. In addition, it vaa noted 
that the inclusion of Hydroutrix decreased the 
tin0 of the extraction by l/3 and required leas 
than half the extraction fluid needed for the 
SFE of the neat clay. This trend is shown in 
Figure 2. Corpaction of the spent bleaching 
clay bed in the l xtrutor, with the attendant 
large pressure drop, is also avoided by using 
the dispersmt for the SFK. 

Fig. 2 - Comparison of oil oxtrection r8tea 
for clay vs. clay + Hydroutrix. 

m 

A sirilar exparimant to the previous onr 
va8 parformed in the 4-liter pilot plant vemmol 
using a 2:1, clay to Hydroutrix charfo. In 
thim ca*e, a 30.7 vt.X oil yield was obtained 
af tar recycling the COz through the extraotor 
bed. Thir result ia in excellent asrrement with 
thm value obtained on the mull laborator 
extractor and exceeds the yielda recorded on 
neat clap beda (Runs l-4). This result wa8 fur- 
ther varif ied by running another SFE on the 
neat clay in a 4-liter extraction vasael (Run 
10). The yield of only 26.5 wt.X oil, clearly 
conf irmr the cnhanceeent of oil yield by incor- 
poration of the diapersant into the SFE scheme. 
Additional pilot, plant run8 were performed on 
an acidic spent bleaching clay from another 
industrial source. Extraction of this clay in 
the laboratory unit I Run 8) gave a 34.1 wt.X 

yield. This result coaprred favorable with the 
Soxhlet-measured oil content of 34.6 vt.X. A 
pilot Plant run vata ala0 made on the acidic 
clay, and produced a oil yield of 32.6 vt.X 
(Run 9). It therefore appeara. that the 
SC-CO1 extraction of apant blcachrng clays is 
equally applicable to both neutral and acidic 
matrlcea. 

Several physical and chemical tests were 
run on aelected oil sampler taken from various 
experimental rum. The raeults of these teats, 
which included measurement 0 f the oil's free 
fatty acid content. peroxide value, Lovibond 
color ratio, and phosphorus content, are Listed 
in Table 3. Overall, the results in Table 3 
indicate that the oils recovered from the SFE 
Of spent bleaching cla98, are approximately 
equivalent to a conventional degummed-bleached 
oil (12). Hencu, these oils would be suitable 
for a number of industrial applications that do 
not require food grade oil specifications. 
Further refining of the SFE-derived oils would 
be needed in order to lower their free fatty 
acid content and peroxide value. It should be 
noted that the elevated paroxide levels may be 
due to the extended time lapsr (approximately 
one month) which occurred between collection of 
the clay SMPLO at the ratbean oil procesainq 
plant and the SFE-procemring of the clays at 
NCAUR. 

1 A4 1.S 44.OYf2.7R 0 
2 .u 1s U.OYa.tl) .18 
a .U 1.2 u.OYl%7rn .44 
4 de 1.t ro.oYn.rn -1s 
7 .I? 2.g l S.OYf 12.Y m .8 1 
* .a* 83 l .OYt#.SI) .a0 

10 I7 ?.7 ?a2YrlaAm 2.00 

A visual examination of the SF+extracted 
bleaching Cl8T8 revealed that 
color 

a reduction Jn 
had been achieved when they were compared 

to the original product from the oil refinery. 
Hourver. the SFB-treated cla9 atill contaiqed 
more pigment matter than the virgin clay. The 
bleaching power of treated and recycled clays 
has been studied by On8 and Sinkeldu (131, who 
found that the bleaching power was 50X Is55 
than that achieved by wing fresh clay. For 
this rea8on. no further studies were attempted 
to amens the bleaching power of the SC-CO2 
treated clays. 
fro* 

Separation of the treated claya 
the Hydrooatrix dfspemant could be easily 

performed by sieving sethode. 
particle 

due to the larqe 
size difference between the spent clay 

and the Hydramatrix. 

The above SFE remuits shov that quantitative 
recovery of soybean oil from neutral and acidic 
spent bleaching clays is 
Experiments 

poamibls using COZ. 
conducted in both laboratory and 
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pilot Plant extractors Yielded variable oil 
recovery resulta, uniesa suitable precaution8 
were taken to avoid fluid channeling and bed 
plugging. The use of .s diaperning agent was 
found to enhance oil recovery and an improve 
extraction kinetics. An improved method was 
developed for determininq residual oil levela 
by Soxhlet extraction. Finally, spent clay= can 
be treated readily in a sari-continoua sxtrac- 
tion mode, yielding an industrial-qrade soybean 
oil and oil-free day. 

Us are grrrteful to Riceland Foods and Central 
Soya for gratis. l ampiea of spent bleaching 
clays. Ray Holloway performed the ph7aiea.k and 
chemical tests on the extracted oils. 

The mention of firm nuns or trade products 
does not imply that they are endorred or recom- 
mended by the U.S. lhpt . of Agriculture over 
other firma or airilar producta not mentioned. 
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